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Comment on “Emergent Gravity and the Dark Universe”
by Erik Verlinde
Youngsub Yoon
Dunsan-ro 201, Seo-gu
Daejeon, 35245 Korea
Abstract
In [1], Verlinde mistakenly used a wrong relation ΦB(r) = GMB(r)/r to derive one
of his equations. Of course, a correct relation is ΦB(r) =
∫
GMB(r
′)/r′2dr′. This makes
the equation that he derived not valid. If this equation is nevertheless correct, his earlier
equation from which he derived it is wrong.
In [1], Verlinde derives (7.40) which we reproduce here:
∫ r
0
GM2
D
(r′)
r′2
dr′ =
MB(r)a0r
6
(1)
where MD(r) is the apparent dark matter inside the sphere with radius r, and where MB(r)
is the baryonic (i.e., visible) matter inside the sphere with radius r. Here, he is considering
a spherically symmmetric case.
There, he explains that one can derive the above equation from (7.36) which we reproduce
here for convenience:
∫
B
(
8piG
a0
ΣD
)2
dV =
(
d− 2
d− 1
)∮
∂B
ΦB
a0
nidA (2)
Plugging d = 4, and considering spherically symmetric situation, we have
∫ r
0
(
8piG
a0
ΣD
)2
4pir′2dr′ =
2
3
ΦB
a0
4pir2 (3)
Here, ΣD is given by
ΣD =
MD(r)
4pir2
(4)
Plugging this into (3), we get
∫ r
0
GM2
D
(r′)
r′2
dr′ =
ΦBr
2
6G
(5)
Comparing this with (1), we see that Verlinde used the following formula:
ΦB =
GMB(r)
r
(6)
1
There are two things wrong about this formula.
First, the sign is wrong. It is because Verlinde mistakenly used ni = xi/|xi| instead of
ni = −xi/|xi| for his equation. In other words, ni must be pointing toward the origin instead
of outward radial direction. Verlinde confirmed this mistake in a private communication.
Considering this sign mistake, (5) becomes
∫ r
0
GM2
D
(r′)
r′2
dr′ = −
ΦBr
2
6G
(7)
Second, as he writes in (7.42), we have
gB(r) =
GMB(r)
r2
(8)
Given this, remember that
ΦB(r) =
∫ r
∞
gB(r
′)dr′ =
∫ r
∞
GMB(r
′)
r′2
dr′ (9)
which is clearly different from (6). If it is not clear, remember that ΦB(r) is monotonically
increasing asGMB(r)/r
2 can never be negative. However, even if we consider the sign mistake
by Verlinde in (6), it is clear that (6) is still wrong, as it can be sometimes increasing and
decreasing depending onMB(r). Furthermore, ΦB(0) is always a negative value according to
(9), but according to the wrong relation (6), if MB(r) is given by (4pi/3)r
3ρc at the center,
where ρc is the baryonic density at the center, then we have ΦB(0) = 0 which is clearly
wrong.
This mistakes makes his equation (1) invalid. Otherwise, (2), from which he derived this
equation, is incorrect. Therefore we conclude, either (1) is wrong or (2) is wrong.
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